Summary
Aseptic bone necrosis was observed in the tibia of 23 ICR mice. Histological changes were characterized by a loss of marrow tissue with proliferation of connective tissue and bone necrosis with empty osteocytic lacunae. Focal necrosis was confined beneath the articular cartilage. Extensive necrosis was present in half or all of the epiphysis. Massive necrosis was noted in the diaphysis of one animal. It was considered that focal necrosis might be related to degenerative osteoarthritis, and that extensive and massive necroses might have been caused by a disturbance of the blood supply.
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Spontaneous aseptic necrosis of bone has been described occasionally in man and other animals (Sokoloff & Habermann, 1958; Merle D' Aubigne et al., 1965; Enlow, 1966; Ljunggren, 1969; Cheville, Cutlip & Moon, 1970; Jaffe, 1972; Riser, Brodey & Biery, 1972; Dubielzig, Biery & Brodey, 1981; Glade & Krook, 1982; Doige, Crowe & Farrow, 1986) . It has been observed with traumatic alterations and drug-induced (corticosteroids) or various clinical diseases (Ljunggren, 1969; Cheville, Cutlip & Moon, 1970; Jaffe, 1972; Riser, Brodey & Biery, 1972; Dubielzig, Biery & Brodey\ 1981; Glade & Krook, 1982) . In mice the condition is not thoroughly studied, although Sokoloff and Habermann (1958) have described it. Pathological findings of aseptic necrosis in bones of ICR mice are described in this paper. Materials and methods 300 male and 300 female specified-pathogenfree ICR mice (Charles River Japan Inc., Atugi, Kanagawa), weighing 31·9 g on average, were housed in plastic cages (four mice per cage) and kept in a barrier system conditioned at a temperature of 24 ± 1°C with a relative humidity of 55% ± 5%. They were given a formula diet (CMF: Oriental Yeast Co. Ltd, Itabashi, Tokyo) and fresh water ad libitum. On histological examination, aseptic necrosis was found in 23 mice, six males and 17 females, which were used for the study. Of these, three males died at 594-630 days of age and seven females died at 531-721 days of age; the rest were killed at 728 days of age.
After postmortem examination tissues were fixed in 10% formalin solution. Bone tissues were decalcified with 10% formic acidformalin solution. Tissues were dehydrated, embedded in paraffin wax, sectioned at 5 f..lm and stained with haematoxylin and eosin (H&E). Selected sections were stained with Mallory azan and Hucker-Conn's Gram method. Both tibias and sternum were examined.
Results
Grossly, the articular surface of the tibia was roughened with occasional proliferation of bone tissue at the margin of the epiphysis. The articular cartilage was not uniform in width, revealing focal narrowing or thickening.
Microscopic changes were present in the epiphysis and diaphysis of the proximal portion of the tibia. Aseptic necrosis was divided into three types according to its size and the areas involved.
Focal necrosis, which was confined to the epiphysis beneath the articular cartilage, was observed in three males and five females. In the lesions marrow tissues disappeared and were replaced with fibrous and newly formed osseous tissues (Fig. 1) . Bone trabeculae in the lesions were stained poorly with empty osteocytic lacunae. The areas involved were occasionally affected by haemorrhages, fractures of the subchondral trabeculae and compressed blood vessels. Most of the animals with focal necrosis had severe degenerative osteoarthritis consisting of loosening of the matrix, erosion and marginal osteophytes in the articular cartilage and proliferation of osteogenous tissues in the subchondral marrOw cavity. Extensive aseptic necrosis was found in three males and 11 females, in which half or all the epiphysis was involved (Fig. 2) . The altered epiphysis showed a loss of bone marrow and disappearance of the osteocytes from the bone trabeculae. Transformation of the cellular marrow into soft fibrous tissue and new bone formation occurred simultaneously. Some mice had fractures of the metaphyseal cortex and cancellus, and displacement of the growth plate. Degenerative osteoarthritis, even when the epiphysis was completely necrotic, was not present. Massive aseptic necrosis in the diaphysis was noticed in one female. The lesion spread through the greater areas of diaphysis, but not to the metaphysis (Fig. 3) .
These focal, extensive and massive necrotic areas showed no evidence of an inflammatory reaction, Gram-positive micro-organisms or changes in the medullary arteries. There was no aseptic bone necrosis in the sternum. No significant lesions related to the bone alterations were recognized in the endocrine system including the parathyroid and thyroid. .' ", 
Discussion
Aseptic bone necrosis has been described in association with a number of different processes, although the pathogenesis is diverse and poorly understood (Doige, Crowe & Farrow, 1986) . No morphological changes suggesting pathogenetic factors were demonstrated in the present cases.
Although the pathogenesis of the focal necrosis beneath the articular cartilage is unclear, a connection with degenerative osteoarthritis cannot be denied. It seems likely that continuous mechanical or functional stress, which has been regarded as a main factor of degenerative osteoarthritis, evokes the focal necrosis beneath the articular cartilage already involved by degenerative osteoarthritis.
In addition, the epiphyseal vessel entering the end of the bone through the ligamentous attachment may be compressed by the osteoarthritic deformity. However, the extensive and massive necroses found in the epiphysis and diaphysis may be caused by disturbance of the blood supply. The pathological features of these necroses seen in the present study resemble those of infarction experimentally induced in young rabbits by cutting the nutrient artery (Bragdon, Foster & Sosman, 1949) and malignant bone tumour of dogs in whieh the aetiology is considered as infarction (Riser, Brodey & Biery, 1972; Dubielzig, Biery & Brodey, 1981) .
It is important that no appreciable changes were recognized in the parathyroid and thyroid which have an intimate relation with bone metabolism.
